SUMMARY
CUTE renal failure after open-heart surgery is a rare (1-3% of incidence)1>'2> but often lethal complication, with a mortality rate of 80-90%. Many investigators have pointed out that extracorporeal bypass procedures, such as non-pulsatile flow,3> low flow rate,4> long timed perfusion,-1) denaturation of plasma protein,a> excess hemolysis and acidosis') may be factors in renal failure. During extracorporeal circulation (ECC), both the renal plasma flow (RPF) and glomerular filtration rate (GFR) have been shown to decrease markedly, even in conditions of high flow rate8> and high arterial pressure.9> The reduction in RPF and GFR are characteristic manifestations of ischemic renal damage, which may be induced by an elevation of renal vascular resistance due to a drop in arterial pressure,10> a non-pulsatile flow rate") and a renal reflex.12>
A number of procedureS13)-15> have been employed to protect renal function during bypass surgery. In our Department of Thoracic Surgery, a hypertonic mannitol (20% D-mannitol) solution has been administered routinely during ECC in order to prevent ischemic renal dysfunction, with a good success rate. Hypertonic mannitol is a strong osmotic diuretic. In 1961, Barry et all6> reported that it prevents postoperative renal insufficiency after abdominal aneurysmectomy. Similarly, Porter et all') administered hypertonic mannitol successfully to minimize hemolysis during ECC. This report is concerned with clinical and experimental investigations on effects of hypertonic mannitol upon renal function during and after ECC.
EXPERIMENTAL INVESTIGATION METHODS
Twenty-six mongrel dogs, weighing 8 to 20 Kg, were anesthetized intravenously with sodium thiopental. An endotracheal tube was inserted and connected to a volume-limited respirator. After median sternotomy, the usual ECC circuit with a bubble oxygenator and roller pump was set. The venous blood drawn from the right ventricle was oxygenated and infused into the right femoral artery. The main pulmonary artery was clamped. A vent cannula was inserted into the left ventricle to prevent the lung congestion caused by blood inflow from bronchial arteries and the blood was drawn into the oxygenator. The arterial pressure was monitored through a catheter in the thoracic aorta. A lower median laparotomy was performed and a thin catheter was inserted into each ureter to collect urine. The abdominal wall was then closed. The bypass circuit was primed with a mixture of freshly drawn heparinized homologous blood, Ringer's lactate solution and either a 20% D-mannitol solution or a 10% maltose solution, adjusted to a hemodilution rate of 25%. Chlorpromazine hydrochloride (1 mg/Kg) was adminis- L). The plasma osmolality was also higher in Group 2 (324mOsm/L) than in Groups 3 (304mOsm/L) and 4 (304mOsm/L) (respectively p<0.01), both during and after ECC (Table I) . Urine volume During the first 30min of ECC, the urine volume was usually reduced in all 4 groups; the reduction was especially significant in Groups 3 and 4 (both p<0.05). Afterwards, the urine volume showed a steady recovery in Groups 1 and 2, but it remained low in Groups 3 and 4 during ECC. There were significant differences between Group 1 and Groups 3 and 4 in the second and third 30min periods (respectively p<0.05).
After cessation of ECC, the urine volume increased markedly in all groups (Fig. 1) .
Creatinine clearance (Ccr) With the onset of ECC, the Ccr decreased markedly in all groups. It fell to about 23% of values before ECC in Groups 1 and 2, and about 18% of the original values in Groups 3 and 4. The values remained low, and 120 min after cessation of ECC they remained at 32% of the initial value in Group 1, 38% in Group 2, 27% in Group 3, and 23% in Group 4. There were no statistical differences between groups (Table I) .
Para-amino hippurate clearance (CPAH) During the first 30min of ECC, the CPAH usually decreased in all groups, reaching 34% of the value before ECC in Group 1, 51% in Group 2, 29% in Group 3, and 26% in Group 4. During the next 30min, the CPAH increased in Groups 1 and 2. However, it decreased further in Group 3 and remained low in Group 4. After 60 and 90min of ECC, the CPAH was significantly higher in Groups 1 and 2 than in Groups 3 and 4 (p<0.05). After cessation of ECC, the CPAH increased in all groups and it recovered significantly in Jpn. Heart J. March 1983 Fig. 2. Para-amino hippurate clearance (CPAH). In the second and third (30min) segments of ECC, the CPAH in Groups 1 and 2 was higher than in Groups 3 and 4. After cessation of ECC, the recovery of CPAH was most prominent in Group 1 and more significant in Group 2 than in Groups 3 and 4 (**p<0.01, *p<0.05, compared to Groups 3 and 4).
Groups 1 and 2 (86% and 69% of value before ECC respectively) after 2 hours. However, GPAH remained significantly lower (43% and 46% respectively) in Groups 3 and 4 than in Groups 1 (p<0.01) and 2 (p<0.05) after cessation of ECC (Fig. 2) . Serum electrolytes and urinary excretion In all groups, the serum sodium levels decreased and urinary excretion dropped markedly during ECC, to one fourth to one eighth of the initial values. After cessation of ECC, both serum and urinary sodium levels in- 
CLINICAL INVESTIGATION METHODS
Eleven patients who underwent open heart surgery with ECC for longer than 2 hours were selected for the study (Table II) . The average perfusion time was 2 hours and 42min and the longest (in Case 8) was 4 hours and 39 min. In these patients, ECC was performed routinely with a bubble oxy- 
